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ARG & % EY A ARz R E 2R

JEWE, F4E, KEH, HIEE

VEDN A7 B 2 R S0 2, L AR AR R 2 A b2 2 e, 1L AR 2822271018

HE: MM E S ENITRENT BA R E R AOEIFARG S, B DB A e te, K
JERE PG KA AR A B 0 — AN AR, EAR R @ILH KT E LA TR, THRR ML HH,
I A BEEAR G A2, 3 TFiX — G At A2 e A, B AT IAEm T R, AL AR LLE T A
ARG B A 0 S APIRRIRAR, BIERENIES. AR . IR A AL R4 R B T AR IEAE IR F 2

PR g ORE 6 K A 69V R

SRR R IR S R A iR et 5 R A T A LEAE AR

TEFFIERE D A AR SRR, &7 H P4
MAdZHERR. 1782 RAMErH, 4k
MK B BURAMIE H AT R 2 N, P78 &
JE B R B R AR B R e B R . )
S H ATV AL, AMUREIE R R b Rp 2k
AT BRI 2 2R BN B, AE 4 5 b aE B B A B
FEIF, W RENE 5 T A ME AR T A HT AN [R) S B 41
A E, I EY 4 2 gt . EY A
B A RS R VERIE 7y, RIVRE Y 1) 451 4 i
A KB TR I 75 1 A s (S B, 7
B TR N RS KB R R M. A
TR K 56 B R A2 40 42 e 1 (cell toti-
potency)JZR . LLSchwannAISchleident!) 37 14
2l o SR, — AN 2 AL AT, R A ) A
%28 Haberlandt (1902)# tH |4 il 4= B VL X R
o EHJEMS0MHEH, X —Hit— B AR AR T S
SRR . ELFEAZ A AT, StewardZE(1958) %
% N (Daucus carota) R (174 5z 0 4H M AT 25 A4 55
75, KIIX LN 25 1 O A4 B i 25 MR AIE 5
KA T Z IR 532, kT A 1 A4 ff i (somatic
embryo), JFIRARKEHRAAR. 2. HEREW
SEREREARR . X R TAER 55 — R S5 B
ESCAE Y R 4 B B % SRAS A0 M A e 1tk o T AR 40
J iR & F (somatic embryogenesis) K i LA AE it
RETHIERESKERN —MEXNRSR, BHA
R 2 A B R IR ) Y45

AL A 2 R VR PR R RN 4 B 2 R A AT T
R, RS T H AT A 52 R 41 B iR

KA Z M E@eE, GFRBENE S, Buk
RLEIFE R R AR A AR G I S I8 1 S R i A% 1
28, TR ON BRI B R B 2R B 2 1 LR K
i A= RETERIRT LR IS HAE 2.

1 {R{BREAEAG & S RV

B ¥ BZRG T A+ IF G, BIEa K
BRRAB M T, IMNREIEEEEH T &1
BOE MRS 04k, SRR ST B
MRS A B R RS, B G & B 52 2R A 1) 152
FERE . SZ RG99 20 M A2 AU B AR R b, R
BEESKMMEE 5, A Rt Bos A JE 30 ik
AR B I R (T 2E2007) 44 20 it B 1 S 46 4
52 A, © A AR 20 MBS 5% 40 i 2o A i
BREMKRKIIG . R0 BRI G & A 2 ik 4
MR R 22 40 f & S O R, BEIE MRS
e K AR BB MERTEAS R AL,
DABHEE N RS9 S AR AT A0 M B 3 R 5
A 248 it U ) aok R T I R B, 5 LU 1 44 2 i
S5 ETF MR AERA—FER, HAZLEES
5L P o3 RGBT, T A e R G R (1) 43 2R
15 R %2 48 i (4] (Backs-Hiisemann fllReinert
1970). 2 5 (R ST UUE BH IX L2 g [4] 25 1) S5 %5

ks 2020-04-21  fEZE  2020-06-18
#Eh K H IR 42 (31730008 F1131872669) F1 111 444 H SR K}
2 H 4 (ZR2017JL016).
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U5 R B Ve R IR ORFE IS BRI 2 ROIR A,
B PRI A AL 4] . A 24 R VR PT R8I b IR 14 4
b (41 2 T 0 A ) 4 B kR U, B VR A 4 i ] 1)
KB T2 A M R B ok . AR5 JATE il 44
P25 G AR R 8 iR, AMUE
AR B HAEZS R B S A AR AHAL . A )
A 1 i s 2 B A A T 0 A 2H 23 8 B A A,
BIZ ik Z R 4 r 24 . A4k, 2R 8 57 A il m) B
PE, TERLRENS K B CF I 2297 HE H 2 Be % K
B AR AR I 7 AR A 2R, T I 2 A A IR X 4y
T ZF B RE 1 RN B9 A4 P AR 5 R 1) 3 ERRAIE
PR B AN 75 24 0 S A5 i A2, ] DL A&
g0 B AR R B MR, X AN B 7R R E 1)
BRI kA, LRSS o TSR RER
EIRME S . RIS MRS S8, ST
W2 AR, DL T o Ak 1 A 4 e (SR IR T
2. BRI AE M)A AMEAR, £EA TS 1) A
AR LAIRAR 5 G T 2SR AR Ak 41 P i (Ka-
madaZ51989; Nishiwaki%$2000; KadokuraZ$2018).
Ikeda-Iwai%5(2003) LLFN S 7+ (Arabidopsis thaliana)
YIH RN 2RO A SN AN R R B 15 5 HH A
i1 =< =7/ AN (AT D e = S S
1B, B MIEAG K AR TE R AR, 1X
— BRI NI IR E K. X R,
/52 B PR B R S A SRR S P E i, T
TR & B w25, A0 kAR B gm A2 N T T S
WG R B R, AT — o R ARy 40 i 4 et
PIERAT; b BN 82 B IR B R R R
o, B SRR, R AT AR i I (Touraev
FlHeberle-Bors 1999). {HixX—idF¢ iz /M F
Y0 S AR RS R R e 2 FALRIIEANE 2 . 1E
AT (Citrus reticulata)™, R Ji7 AL ARG AR
75 AR A MR G & A A SRS A 40 g e P ) 32 22 F
Bto 302 4EHl, HA3 Ohgawarads(1985)iH 1 Ji7
AR ARER B B B RIS E I (C. sinensis) 51 J&
(Poncirus) B A28 M 25 P, D9k B A= o 4 Rl & ot
FBE |5l 124 81k, FRIELLRER, HA,
EHEL PP BORREE IR TR, 3k
13 1 2005 151 A A7 42 48 . 20% Foh (Grosser=$:2005) .
A2 B VR i R A R R — P MR B R,

REf D BRI Al TR LPURY % HAl, 2ig
RISE TS AR K AR S IE S W YR, IFEvr 2
PRACHN 2] ZAE P I DIE R Ak PR 7R 3k 31 e b A S0 K
o ARG AR AR K B AR A R I R — N R
FRAEAR R (Park 2014).  HI T IR0 b A2 5 59 5
B ARG A R AR, DR e A A P R i e A
WS AR AR K AL B R TR RS8N, MRl
JRUIR th i 1l 2 N b5 ) 2 fithi(Sharma%2013) o

2 (FERRERVEEFENRLE N

A IR I R AT N M2 R, 0 N Fh 3=
B, BV EE R AR R XA T
A I [F] I AR AE A — SRR b, DR AR A X 4
VB 42 R A o i L R AR T A, — IR R R A A E
ARG Mo S T2 AR PE A 2021, th— A L e 27
B — o B VR P 40 P (LA A e 9 7 B 48
JHO)ZH R, P VR A 4 A e ) A R Ay S )
JVR V200 P (SR A5 4 B 1 1R 200 ) 23 A T B Ak 4 e
M HEZE RS T R E A H I8 b B, B
T ARG o e Re TR A i, T K B R B
I M R (A LR A 22000) . T EHER AT
AT B 2123, A4 20 Jf 2 2 30 L B SR R0 1)
YRR 5L o T 4 AR R )42 AR B T s P A 4 e
RAETEAS 27 EARAHACL, (H =2 1] 422 & A= 11 44 40 Jfa e
[R5 77 i W BE K — ke, HR AR A% B v (Miguel F
Marum 2011). FEARAMIIEAG K AR, 2 Ret
Y R FR R 46 A i B IR 7 e . S0 TR 4 i R
) 4 L S U ) A A A A SR A TR R R o 2022
TOEARI B FL R B, R M IR ] e R AR T A
2 () PN B B JE 34 (Tisserat 1979), f5e 4] 14420 fifa ik
BN R T B A () 48 B, B S ) — LSBT A
TIE S A7 7 4 248 BV 1 5 240 fifd iES Y (Tay lor A Vasil
1996; Rojas-Herrera 2002). H 7 2 00 5 # AN,
A 248 Jf U ) T 42 A T RE R IR T 2 4 i, T LR
RAEBHATRERIE T R, HTEYRFEE.
M AR 1) 28 S0l B AL AR BT AL 1 A BRSNS R], A4
AR AR TT KA R N EA K745 R
KF, FME RS P A A A VR IR AR )
RE R KRR EHLR TAME R RS, BN &1
R BB E, A A R 4R 4 i 3R 15 4 Re M P 75 1Y)
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ML E A, B S TE ORI A H SRS
JR I A0 B, 4K 1 51 % H 22 20 B A Y R A 40 B
(Horstman%$2017). H#f, HTHk = 4 e 40 fid
B 31 Fn i i HE LIRS 78 A2 10 S 56 iR 45 ok ELW
A FF A 2 VR A PP S YR A 22 A R AES U, X
ISR IR G TR K 75 AR R ) SR BB 27 )

3 AR ar IE EEB R 4R AE FHHIE

TEAR A M VR G AR ik B v, A A ) 4 48 i
MR bz, SR AT A e M T RN A A B VR G
A X —Hrig A2 (Fehérds2003). i ik T eRas
V1R A2 A4 24 i 2 A g 4 T A 400 i 5 e 244 T UM
FRIATL IR s 9 T A ) 2 A s e B ) A 2 )
—o A SCERIRGE, AR F aris X B ORAR
b 7E B A B Je 3RS 73 24 RE /) (Nagata 2010). 1
AN R FE T, ML ERE MR EREE
DU X 37 (1045 5 7F H e B (Feheérd$2003) . 8 i %)
AN E )P A AR B 9, R B4 R 2 24 B 7 1m) ]
AR iR g i ia K A B bR G . FEL T4
S0 B R AR B RE R, 2 5 R g T
R 7 IR0 2> 13477 F 4> 24(Kulinska-Lukaszek 55
2012). IXPLH R 73 2L 10 7 7] 52 5 S5 A4t e o A
WL, PR AE TR S LT 3R R TR 20 gk AT I A
I J# 43 %4 (Considine flIKnox 1981), {# A4 741 fiu
o AR H LA R )Z, T 7 R s K 5
PR FAAE 7ARN A B, Hh R
JE B HHRATI SR K B AR B 4 5 A0 PR 55 AH B
Z, MW ER 57— 740 m] 5E 28 T 38 5 4 g
IR ET71A

A 20 B V08 SRR T AR 1) 23 2 2H 2R I,
TR I AN A B 42 ) A4 40 B VR i A A A R i 2
TE (AR A M R 6 R A AR SR . HE o AR
LMPAEH L TR BN E SR
SR MRS A AE R R gl A AR L 2 Ak R
LRG0 — M T B, SR K= AR TN 2
PR, B 52 /NI AT — 2 EER R, AR
KIFALT- A rh e, A — DR M Z A (Verdeil 5
2001). T RS 175 T A4 At IR e A B IS A 440 e )
e dHRRAERRRDN, 2 BRI, 40 i e, 400
A T A, A — ANBEORIAZAZ LR

R (Namasivayam252006) . M DL 434240
SL20 W A0 VRV 20 B R RETE R, X RGN 2
HARE, R RRE S H S5 4
SERREAEFI L 2 A LR AN . (H IR BT
A 1oy R 2 M e o AL OVE PR AN L, AN 2
BT A 0 PR 40 B e SR 15 4 A 1t I BT K B R4
YR, X 0T 5 40 1R AR IR A A B 5 4%
PEREERA K. BTBZAER S Fhrid, R
ZURU R A i O 3RS A RE PR Al e, (Rl
S RE PRSI M R AE B AT T8 AT 2

ARG B 1) iy 32 R0 A 1) ) SO AR T SR A
B DR FROETE e B9 B AT B R R IA FE (R R B
B AR, B FRIE R AR MK R 1SR
AT 40 55 ) R BA S5E (  B R 2 o AR 4 i L
A BRF AN BE R G, AR A T R AN
ST (Fry®£1993). 2 W 7€, 3715 4 ht
PEFEEA IR IG R A g 1 IR PR 40 il — M A R
4 4 i BE (Mikuta5:2004), {5 H 5% 5 J& Bl AN H &
JVR i K 2B RE D7 B I 23 5, RT A T A U 2 i
TE AR R R A B4 . DEIRSR AP AE T A AR
VI i A R 1,3-B-%5 FE B (Gibeaut flCarpita 1994),
9 FLAE 20 i BE ORR N, B R B o A ] 3% 22 (Y 2
FL TR0 5 8 TR . 0T L ik 5 4 N A S 2 AT T 3R A,
1554 1 J& (Cichorium ) FE Y A 40 J VR if A A= 3o 7
w2 ) R — A B R AR AR A I IG5 A 4 P B
) i B TR (Verdus2:1993) . X il TL N (Eleuth-
erococcus senticosus) P AMEARBEAT VA2 g I 11155
FI5, 5ARGE S IAMEAKE L, 40 EE DR AR
J AR W RN (Youss2006) . 1XLL45 KRB, 41
i 1) 368 PR PR H BT T A 2 AR A i R AR R B e
(1) E 9, 4 A D A R 1 20 5 TR A 4 BRI
FLEAFY COTYLEDON 2 (LEC2)%5 4% Ik i %
A B e S R Tl Rk LR TR AR R, B TR
AR 40 JK H R E g AR AR, 5 S
PR R R B (Feeney 552013) . R V4R 1L F)
— KRR AIE A2 40 B o H 7 5 e A, 17 0 1 R T
YA BB 1, B LEC25 5x o 40 g v -0
AR AR SR AR R AR R X e T KRR I R R
HETE G IR IG A 1 BB B (Stone®$2008) . T
A 24 PRIV Jis i A S A Y BB B A 7 ) R AR
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R4 M 2 R AT BT B AR X — i AR R A i
EHIERILA] .

4 RIRRERERR & E FOIEIRIRR

A4 2 B VR I R A S A P 00 ) L o A, B
2 AR U T DR IR AR AY L SR I A% 11 U 42 R
R B fric B R AR e B . BeH LI
T 77 AR AR A A S ) B PR 2 AR B
WY IMEAE T R 97 2 BT RO S 8 5% .
EH T A [F) PR A2 A4 T A ) A 55 2 AP R0 2 9850
(22 5, HMER B aris 1R N T, = 280
Fha] B 45 R, BG40 I 3 A6 7 1m) AR 4 i U
To. AR EE . AR H T an M i T B R &
A, X AEAR KRR BE b B e T M A (1) 28 B R0 it
(1155 3 2% AT
4.1 HEMHELIRIFE SN MPAIERE &£

TE 175 514 20 FRLVE i 5 26 1R 22 7 5 I8 2% A4
W YR —BERTEE SR, RS E
WA T R RE 5 5 T 4 R 23 SR 48 B 4346 T 1)
BIEAE o I X AMEAR PR AL . BRI SR R
IR R S R R AT WAL, V2 RS Y)
I A HS 8 i D 5 5 R 4 LS ) 7= A (Awasthi 55
2017; Marquez-LopezZ52018). % EWyhi iz 41 f it
175 o BRI EH, A S
L 73 23R W [ A T 3R 4T 15 3 (Gaj 2004). 3
A BRLIVR 2 FH B3 |32 BB A — PPN L& A
WA KA 72,4 — SR A Z R (2,4-dichlorophe-
noxyacetic acid, 2,4-D), & BAH R mAIRAEKRE
PE(Gaj 2001). AMJgAE K 2R )48 FH RE A% I 35 Hh 0%
AN PEA KRS RAE!, #lan, DRIk
BRI B AR 9 AR, B e F R BE1K2,4-Dif
FMMEEGALR TR, 285 WG FREEh 2 652,4-D,
BoE g A K R AYE BB R YUCCA2 (YUC2)HI
YUC4IM K%, FEURE @4 23 g Jing| wg-3- 2,
#i%(indole-3-acetic acid, IAA)/K T 5IL[E ),
4 W 53 2L 3R 100 B AS 5 1 H LR R AR R e X 4,
I 2R TR A0 RV (1) 229 R SR il ) 3R 8111 T
SERE I AR GE IR (BI1; Sud$2009, 2015). FEHHE b
) A 4 Y 75 5 a5 7 B v AR N 2,4-D R e 5 3 A 4
LR BT 1, 3X AR5 A PP TA A 7K SF 5 34 A 5%

(Michalczuk%51992). 1t LAREEH R (Corydalis yan-
husuo) B ZE R HMEAR AT R 40 R 2 O FE
[FJ B it I %% 2.2 (1-naphthaleneacetic acid, NAA)5
N L& B 7 2 35 6-7F 2 ZE P4 (6-benzylami-
nopurine, 6-BA), AEM5 15 T IR @45 412 ) 2 AR,
T AE AR A 7R 2 v 75 S I 48 i 70 SR 25k e
575 S A4 I IR T B (Sagare552000) . 1 & 24
I 2> T PN P I+ 20 B IR () T i (Bai%62013), 5
AR MR SRR 22 BR2,4-D s, LA BRI
G e E N, AR TR A 2 Y
IR AR S R S IR 20 1R A (Bai S
2013)0 It v& BR A H00 P T 1A 200 PRIV (1) 46 ok A v A
VTN . EREEmARERISEES, NIE
it v TR 75 B b T T 2 A it V& R A AT o 7 B
A WV% TR & I3k Rl ABA DEFICIENT 2 (ABA2) i,
A 201 R S T S PR A9 28 K T B 2B L, B
T IR I R Y AR K E I B R 8 R s e A4 4
WEFITE A (Suss2013) . V1 2 HoAh A4 5 A= W
B2 5 RN TE . BUK B 3420
MR 6 R A W AR AE P i Sk A B AE S E e . B
g WE . AR 1AL A A
(Fehér 2015). 5827w, 7ELAVEF(Solanum tubero-
sum) [ R0 25745 (] A S M R 3EAT A4 4 B IR 15 5
FE R, 78 A A52,4-DFN6-BA T 5 7 5 B AT
Fi 7, W2 T8 Boba B8 @0 4 23T ek AR A
E WA TR FRET I INAGNO, /&, XF
15 OLAE 15 B 20, IF R T8 B IR & 1 44 4 i IR
(Kaur$2018). RS FEE T HRIN174
mmol- L™ JiE I SME AR B T 50°C 214 TP #B h,
AL MR IR 2340 8RR T R (Kaurd52018)

FECLRKIM ARHR (Pinus sylvestris) ik 9 SME A 75
SR MR KRR, PR A S ke 2
FrRAERKRIFBINIMERR, E7FHEZPIMHE =
FE 5T 401 P A 3R AT T Ab R, AR RE S 15 S AR 4l
J R 18 (SaloZ52016) . 1E LAV Bi(Rubia cordifolia)
) 74 1] B DAy A1 A 3 AT A 4 i s 35 3 1 o A v,
R A R R g e 2 RS A Sk E2,4-DIY
IR Z B, BIFERR 1 2,4-DANE A HARE
R[5 FRA) T IR 15 77 2 v 55 R 20 A o fig 75 3 A4 4 P
T il (Krishnan F1Siril 2017). 7€ LUK FINA &1
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Fig.1 Key regulators on somatic cell remodeling in somatic embryogenesis
TERFAR ARG R A rp, DRI & T IR A, TEAE K RIE S PR A2, AR5 ZAEK R, 5 S EmAH AN IEAE
KRG, ISR IE . 7Edbd A2, g/ R T DL S AR K FVE R, 0 H il ok 2 B JVR 1) 175, T JP A 4 P e B8 W R LAk
BERANIR NG R A . A2 E BRI R R A v, BRI OGBS HE S K FAGL1S, LEC1. LEC2FIBBMAS BE i 15 3 4 4l i
Hia KA E Y, (4 e P20 ML AR AT T B A A U o 3K et S TR 2 TR e — AN A EL R T I I g L R AR . AR R b, R

Y T T AR AR e e LR R AR £ D

JR D9 A AR A 5 A A U 7 A AR v, S T
i B0 A AR BEAT TIUAL B, {5 40 A A2 I BE 4y
W e R A SHERKR ISR LR, wiae
g 7 R A 1) 2 TR 3 KR R AR 40 B IR (You 2
2006). FEIXANERE A, A0 2 R AR e SOUSON,
W8 J5 2 L 1 20 i i WA TR IR R R 7 1) AR L
2 %*ﬁﬂ’ﬁﬁfﬂz/\iiﬁ%ﬁﬁi?&ﬁééﬂ%ﬁ%ﬁfpfsz
I, B RENE 9 A ) A AR B IR SR i 2 1B E ok
ﬁ: KIﬂﬁ'%’é&ﬂ&)ﬁE’Jﬁ*}%XﬂZISQHEH’@HTE’Ji%‘—?&

RS . WA AR (Asparagus officinalis) (Levi
%DSlnk 1990). % (Cichorium intybus) (VasseurZs

1995). /INZZ(Triticum aestivum) (Barro%51999)F1K
JBHi(Pennisetum alopecuroides) (Oldach%52001)%
H ARG J IR 75 S AR b, RERE AR v T E R ia i
ST REEZEEH . LRI E N
F2 000 4 20 PR IR i A o R 2 0 R (Gaj
2001),

AR E S EWRENAERKRREGMH, 7]
DA SE A7 R0 52 v A 4 L ) U 1P 400 2 8 ) R0
B, LAFLL RS I+ B 22 N AME AR, TRAEAE A& AR AT
BRI T LA H R, RERE A AL
By EL E AR EI'JE:??%%J:E I, BE 5= RN
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2,4-DIs5 ot ERG IR, — B [A)JE A 2R R M2 3
PR L R PR P B (Tkeda-Twai552003) . {H 20 R0Ks 25
RIS T120 min, FREEFE 25 H2,4-DIR IR 5
LREFE, R A SRR . 1E 2
(Chlorophytum comosum)VEZH IR S f2 i, ¥
In 3 (AN BRESAR 40 i N 120 R (1L 24T, (A
7S IN2,4-D, fe % K B2 52 v IR 1 A 4 ZH 2 ) B A3l
(AgilaZ2015). 7 NZ(Panax ginseng)™F, F|F i
IR AR 2 — BE A AL AN AR, BEfE B 54
A0 IR FF) P 2E 2% % (Langhansovad2004) . 1l ££
PR R, BIERR AR < A1 F B
IE W A% (12 22 4 40 i VR 1) P42 (Stasolla®$2002) o
BAnE R AR b, I FHER ERAEKER . B
TR V& 1 DA B B I Ao FH 3R 2 T AR A B SR S R
PR AR 1) P42 (Salo%52016) . DL L szag ot iR
BH, JH A DR 3% %) SR R 08 2 a3 4k 4 R 11%) 43 A0 3% 1]
JVR A 200 L ) 7 ), U AT 2 M A TR B A A A A
SR N R 7K B IR G K B T A 5% R 1)
Tk KPR AT A8 (GrzybkowskaZ52018), {H
1B A0 i T A A0 VR I A 1 T LR I S
IR T
4.2 MRABEHEXERETFIERKFTSAMAMN
FERR &5

Bk T AN it i 2 S5 A A R 7 7R 0 e A B
S5 RENS S AR 0 VR i A A, il T R IR IR K
B A R s R 7 1 B RIS R 1 2 R 4l B IR 1)
PEAE . XS AT UWLEC], LEC2MIFUSCA 3
(FUSH)EIEM M IT A TR AR B2 R
FEE AR, BATRA G it 3 R I E Ry
fE, KHERE T, 15X P e g i P R AL ) 3
R, B RIE R LECINILEC2, EAT R £k
RENS 5 SR 4l B IR JIG & 4 (Lotan%5:1998; Stone%
2001). LEC1/ZHAP3 K& ICCAATL: & % 5% [A
F(LotanZ$1998; KwongZ5:2003), A FIALECT
R 5 BRI ik B R A K, ZHUE BT e
A R A 25 K (% L (Lotan251998) . (Kl tk, LECI
A % 2 1F 1 7 44 4 i 3R IO IG Re 4 . LEC2 A0
FUS3/ VIVIPAROUS 1/ABSCISIC ACID INSEN-
SITIVE 3-LIKE B3 (VP1/ABI3-like B3) % It %% 3%
B 7-(LuerBen251998; Stone242001), ifid & H 51

EE AT %0, LEC2HIFUS3 A 43% K [FIR 1 . A7
FAK LEC2HL K A] LU 1 44 40 il i < “E (Stone 55
2001). T FUS3"HF 5 H 78 T 3 AE 2R IA, B3R
J2 4 S 7 3t R R A FUS3 JE IR B AE 2540243 A 4L 41
75 577 A IR A4 45 49 (GazzarriniZ52004) . 74k, LA
XL Jec TRAZARM & F AR N AME AR, 1EHN2,4-D
(5 7R HE AR ME 5 AT i A 1) T B Gaj&62005),
F W LE CHE PR 78 A4 41 Jif IR 75 5 e 2 vk S0 B A
F o BRI, RGN BARIG K AR R, LECH:
Rl = E MR PR 2y 3Rk, ol ERIA AR {1
R G kA= 2 AR 1R PR 4TI R 7 7] R B (Lotan
£51998; LuerBen%:1998; Stone%$2001), il &EFRiX
LECENTEAFAMBAEK R F7 40 F AR
SRYME IR T R, T RE S S A KR A o
B K YUC2 RN YUC 1) 3% 53545 5%(Stone%2008), 1%
RS EEMHANEAEKE S ERIG N, K
T AT AN AR F B R SR, DT SO A A )
SIAGARIZ, A MV s D75 5 () S B T 7E

it B F IAMADS-box #% 3 A+ AGAMOUS-
LIKE 15 (AGL15)8e8 4 =1 % J A4 41 A JiT 1) e
(Thakare%$2008), 1fjAGL 153 #E k2 GE % (AT AR
2 i R 75 25 1) 2% (Thakare5$2008) . AF 7T 4K B,
AGLI154)" T 2 Pl 45 38 15 >k 52 e 7K 40 B iR i
Ao B, AGLISHIFRIEZLEC2 5 A K R A%
(Braybrook2%2006), M AGL15 it kg LEC2
FIFUS3 1% 55 (Zheng®5:2009), 3£ H, AGL15
H5LEC2. FUS3 Rl 3 7% &R A AL B 2 K GIB-
BERELLIN 2-OXIDASE 6 (GA20x6) (WangZ52004)
1 GA20x2 (ZhengZ5:2009) 151, MM F#AK 1 4H4L
WVETE MR R S 8. R R GO Ak
BIF A, PRI 381k GA20x 6B 1R K AR B 42 i 1k
H SRR A A 2R (Wang862004) . 7341, AGL1S 2
SOMATIC EMRYOGENESIS RECEPTOR KINASE
(SERK) & &1 140 43 (KarlovaZ$2006). AGL15it
BRILGFHSERKI I FRIEKTHE 5. SERKIIE
W E R Y 0 RO 3 20 4 i rh R IE, Reig 4t
FFZ et TR AR . 4R H2,4-DiFs Sk
T B, SERK 1B B0, 5 S50k 7 4 4t
AREPEEEOE, MM M IG K E 7 A A% (Kwaai-
taalfllde Vries 2007). A1, 7E4MEE DA K R 1
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i, AGLISIFI i BRIk e W e m A KR iH
AR R IR 7 A U8R (Hecht552001) . AGLIS
BRI S APETALA2/ETHYLENE RESPONSE
FACTOR¥ 5% X ¥ ) % 15 (Zheng%2013) . AP2/
ERFJ& T HEARF 7 1) 3 s DR 7 5K, B 1 0 A 2
MR /N bR FAE TR BE ) 77 A 2 PR i 4b, 38
Z: 540 MR 1)1 31 F2 (Dietz552010).
AP2/ERF A 2 A i 73 B 1 15 74 2 i i
ek . FARGIFERFIE E %5 (Medicago sativa) )
(7] U5 2 I MISERF 1 /& —Fh 52 W 75 3 I8 1) B [,
FEG TR PRI 38 B A VR 1 2H 2R % A 248 i s v 22
A 2L (MantiridF2008), w bR MtSERF1 ) e % 101
A2 B IR B T A4E . AP2/ERF X R 55— /S i A
EMBRYOMAKER (EMK)TER)F 7+ & T IR PR R R
15, REWS LR IR GE M B R e . N RIKAEMK
FEAL R I 1 I RE S 5 AR 48 M I (Tsuwamoto 55
2010). [fjAP2/ERFZ i HH il 715 i %2 [ J& BABY
BOOM (BBM)%: X (Boutilier452002), J& T AINTEG-
UMENTA-LIKE (AIL)3:P 5% 8. BBMAER R 7F
TR E BN SRR HRE. £2 MR
UG IT . IKFE(Oryza sativa). TK(Zea mays) K1
S (Brassica napus) T 5 31k BBM ) [7] 5 5 K 4
Re 6 175 3 VA 2 B VR 1 P A, T AS 7 7 0 A IR
Z (Boutilier4$2002; Lowe452016; ZhangZ2019).
YTt N AR 40 R oy 2L 21 I, BBMAEMH L (Nicotiana
tabacum) MM Capsicum annuum)F W EEN 15 T
A 218 Jit R 1) 754 (Srinivasan£52007; HeidmannZs
2011). BLAb, BBMid & 558 G 5 3 HoAth 281
ME R EAEA, B EAHLA LA T
FIBSARAR I TE . BBMF 5 R 41 B IR e P
I T OGS AR B B AR AR 5 A R S (Deng 55
2009; Florez552015). 7£ AT KR AFALA KL
A R, 8 Rk KoK BBME WUSEE
BAL, Be s KO LA 4 B R 1 P AR A28 (Lowe
£2016). TEARSEHE 1) IR A S R IA K FEBBM 1
N, Resi5 T /KRS MO AE 5 (Khanday252019) .
T B SR B, LEC/AGL15%5 LK 72 BBMAY T 1
PR B VR G 28 1 B PR % R 5, T HBBMAE N
Al HEBOSLECT. LEC2HFUS3% [1)%%
SORERIER . Rk, M3 mlfElec] . lec2 fus3Fi

agll 555 RAZ R i 5 3B BBMIS), A48 IR (1) F
Az 45 %2 BSR4 ] (Horstman#$2017) . &5
BBMJ& T [Al —NAILE R K& B FEAINTEG-
UMENTA (ANT)FHAth /S ANAIL/PLTHEE K (Horstman
2:2014), (ERNEIT R, IXURAILIE NG & & i
& R 4 AR AR B 2R A o AR H b 3Rk, D)RETU
A LR 5T A 2E K (AidaZ52004; Mudunkothge
FiKrizek 2012). FRBBMA, AILS 2 5 HAIF B i &
FIA 5 BR85S VA 20 PR VR AN AR A B R AR AR 1)
AILFE [ (Tsuwamoto252010). I (IR 5t 2 8, B
THERGEE S FAEAE 2 R IAILIFIANT, HAth
AILFE R 53000 A 5 75 3 A4 41 i i 1Y) F5-A4= (Horst-
man?52017), W] 2 BAILEE 3017 ARG i IR i
RAEEA IR AR

T FRAKAPYERF 55 K1 5k Iy — L it WOUND
INDUCED DEDIFFERENTIATION 1 (WINDI)&%
RAP2.4 1R85 AR 20 B A= (TkeuchiZ$2013) .
WIND 1 J 3. [7]5 55 Rl WIND 2-4 76 A ) 40 23 R 88 By
105 J5 R R 1 2 2R BT R 4T 38 B (Twase
22011). FAIFIEWINDIREWSAESE . TR HIATRE
S HR NI B(IwaseZ52011), HE—5 1557
AT LATE A HE i 5 B 2F . AR SR 20 i
HIH i (TkeuchiZE2013)

55 [ FWUSCHEL (WUS)7E 2242 FITE 5 43
AL RO R bRy R ARk, HR LR S
i VRS IS 334 O 65 6 15 (Mayer%:1998) . WUSHE % 2
FFERDAEHR AT A 1R 2, (BAE4ER:
MRA 73 A 2H 23 5 Th ¥ A BH 2 A H (Laux %51996)
EAK T T B E I & 1 IR R AR R 48 I (1 it
TR, WUSTERGH BIR 15 5 % i 2 1 5t 76 W
15 4H 2R R s X I8 4 i vh ik (Sug$2009) . fE
pgabIN e IR R G AR ehr, WUSIH) [R]85 B 45 4
3 (1 3L I PLANT GROWTH ACTIVATOR 6 (PGAG)
ik B R IA BRI 1A 40 B 1) 4> BE 4R B i AR, AT
TE 2R R SR AR (177 42 (Zu0%2002) . Lpgab
DI RERRAT B FEARAR (AR 9 SME AR ] LS 5 K i
A 240 VRS PR T R (Zu025:2002), 33X S84 41 i JIR 1 75
SHBBHLETF MR EKE . MEPEwUSFEH
WA 52 1) /N T TE v S AR A 1) T B (BTt
£52010). [K ik, WUSHE 38 AT DLek2s 7R 4 A 1
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s, 82598 SR SR g 1) 4 B 1t A e 5 AR, THTIX
— I FE AN 75 At VR G SRR R R W IR A FH (Zwo
£52002). WUSHEMS K441 Mo 2 2 72 1T 4 A8y 4 e
PR 41 Mo () B8 7 N AR 2 B AR IR HE R o AR A T3S
. flan, fEWnsE(Coffea arabica)®, fArI I+ WUS
FERI ) AL R R 2 1 IR 5 5 A ) 41 24
(RITE s, FF 42 4 BV 1 P AR R 2 92 140075 (Ar-
royo-Herrera%$2008). 1 L KA id &RKIAWUSH]
DA K 2 i BBM S S AR 41 Bl IR F-2E IR A5 (Lowe
22016).

PGAZ W H — AR PGA37/MYB 1189w 15
—/R2R3-MYB# s [Fl -, B RIE &1 IR RE =
Tk, WHeZ 56 TR E 15 (Wangd2009).
Lipga6Ziiol, 1Epga3 7 L RESRAG R RAG A,
Rety MR BRI TR R, HRAETRESE & T
AL (Wang&5:2009); F H FRAL 14 24 23 41 i vtk i
&kl b, SERERELECIFERE R E M
R F A AL R A (MugdE2008; Wangs
2009), BB PGA37/MYBI1185 544 20 M JIE 141 T 1%
ARETRBELECISRRN M FEMEN. dERE
PGA37/IMYB118)5, LECI ik /K- FHpEz Tt
FKHPGA37/MYBIIS8X LECI BAT WOFAE I, M
P53 1 A MR ) 75 A (Wang52009) .

KNOTTEDI-LIKE HOMEOBOX (KNOX)#: 5
BRI 7 R AE AR 441 i AR i e A 3t R R 3 A A
F o 3 AN SRR 1) 5 DR B 4% ~F- i 2H 23 25% i A5 A
TR 20 7y 225 53 Ak (Hay Al Tsantis 2010).
B 7+, KNOXH KNOXIFIKNOXITP AN 73 ~C 57 ik
M. Hrh, KNOXI7y 3 HHSHOOTMERISTEM-
LESS (STM). BRAVIPEDICELLUS (BP) . KNI-
LIKE IN ARABIDOPSIS THALIANA 2 (KNAT2)F
KNAT6VYAN i R %, EATTERTE IR IR & B I fE i
5 ZAE H(Long%51996); 1 KNOXII 5y 32X IR iR &
AR B HIE FH WA E 28 (Smertenko%52014) . i)
B FTSTMEE R E &+ R K B B = — 20 ffa iR 15 15
FraaRIs, HAERA IR S0 st #2 i Bk
15 (Long%$1996). K& H FIKNAT2 A5 K SOY-
BEAN HOMEOBOX-CONTAINING GENE (SBH)#E
A2 L VR S S AR 3Rk, E SR A s R TR K P
B (Maf51994) . 7EULRG I v S A s H 0 AL vl

SESTMIF)R I PR Be % 12 3 44 248 Ffa i 175 5% B (E it
52010). BRI =42 (Picea abies) KNOXI[FJE 3
HOMEOBOX OF KNOX CLASS (HBK)#% ik N f4k
T B IR R b aC TR, 12 2 TR R % R s A 4 i O i
& E (HjortswangZ52002) .

L FFIF GROUNDED/RWP-RK4 (GRD/RKD4)
J& T 1 R i SR T AR v B AR SF [ RWP-RK 2K
JBHE K (Schauserd$1999), SHME NI AN A F
(1) R R 74 > B K. GRD/RKD41E &1
Wk B RIARIE, SERLUEERPARRIE, R
K M TE IR AT I h R A . GRD/RKD4RZ 5 '3
BN EE IT B AR A /N, VR A 4 R 1k 2R
(WakiZ52011). $R1, 155 GRD/RKD4 7 1K B
%5 12 1 A7 20 i o 4 [ PR 3 284 1) R PHIR 24 11 20
AR, B2 A 1E 5 1 22 B GRD/RK D4 7 32
K JG A e AR GH MR iR K A (Waki=52011), 568
2 RePEZH M5 3 K A TR PR IKGRD/RK D4 3R
.V G o
4.3 FTWEEEIHEIT MR A%

F L IR E MR G K B A O s R T Re g i
SRYH B IR T B, X S S T A T IR K
A B Bl KR IA, T AE M S 1S FRAE KB
BUERIK KT 22 B 25 A, DA 44 48 B 1E 5 23 T
ANFIEIWIERRE . ENEREEFRELN
BT RE S 3 1 SR B R, BRI
FIRZB4MH] . BEFTERY], RAR — QL 5 RN
1B R 7 REHE 5 S AR 4 AR (1) 7= A2, X P RE &
T aE e A B A S R AR R T R IA
AKSF, MR i 1 A 4 B 1 B g 2 3 3R 15 4 fig
P£. DNAFZEAY . 28 E F AR 2116 DL
JmiRNARAELERWBAENL G S5 740 ik
Jit & 42 ()R 42 (Smertenko M1Bozhkov 2014).

DNA HH Ak 2 1 757 25 PR s i MR 1) 32 SR
WAB T 2 —. DNAHZALA SR s
TEAR A B VR i R A FR b e A QB E T o 48
FESHEY MMAYEIINE S R G IR, LECIE )
- X 38 5 AL Y B KT, (ELR 5 1 48 R VR 1)
B M GAIE ) E IR KB B AR, HH R K
B b T+ (Shibukawa®$2009), XL HIFEHIE bk
YR ARG & A R R B B, LEC 1) %% 5852 FIDNA
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HEAL AR . (ESSFRIASE D3R R A0 M 3k AT 1A 41 i
WR 75 S i it R b, i N DN A HY AR 310081 751 B % 410
I 4 B JVE F T B (YamamotoZ52005) . 1 7E 4L 7
TF () [R] B A 4 P AR A A= i R, 45 AR A I,
PN DNA G 72 g 1) 355 14 B8 65 (2 30 M 40 B AR 1)
¥ BU(EThiti%52010) . #t WI7EA R 45, DNAH
B = 5 ok 0 fu I 6 2B 1 T AL O A 8 4
FHTA o

TE BN W) AR ) 1Y) B AH % 2 i i 38 v e
POLYCOMB REPRESSIVE COMPLEX (PRC)%& 4
ST W T B R Mg A% K1 (Laugesen M Helin
2014). 8 2 ST M A G e T S R, AT R
WD G W BT AN 5 B B DR SRR R R B R T 1)
1 (Mozgova%i2015). PRC2/Z— 4L 25 11 H 9%
RN, LR E AR L, Mt EaH3
(1) 565 27T A R 1) — FF 2 K(H3K 2 7me3) (Schubert
£2006), 103X P AE R A W G 65T 5 DR ER 1) b
H. HEYPRC2E AL EWE T AN LTI, KA
PRC2E AW & A EE R 5 BHEM A KR i
hIRZ R R A . WFERTILIZATION INDE-
PENDENT ENDOSPERM (FIE):[H 1 g G 2k
J&, FEBA R IS0 EREE Y i 11 2H 23 (Bouyerss
2011). CURLY LEAF (CLF)#I# ¥ 2 WE A & & AH
KE N Tk, tNAGL1S. FUS3MAIL6/PLT3
S5 (Liu52016), 11X S 1 42 K 1 ik R I8 RE % 521
A2 0 1) 73 A B B 15 5 A 24 R VS 1 72 A
Ik, fEclf swnXUFAL /K HHPRC23E M B 3 21 1 ik
PR A A, BRI — 27 S R4
A HF jk(Chanvivattana%:2004), PRC2F) I e 5kt
KA G A R LA SR G B IR G kA=, (H i Ak
2% B AL FE, PRC24R 26 (1 44 20 i 7] LA R AR
HEMFERCON eI . F 7R, PRC2RAS (A
(10 AR = 200 R TG 2 4 45 23 AR S 1T TR TG 2H 2R 24
L, TE 1240 B A Ead B % R 40 i S (Tkeuchi &5
2015), XK O 4 AR 40 Mo i driz ] LB IS R
WPRC2MINREREE . BTt RIAWIND3
MLEC2H PRt 2 5] AR B4 M o 22 Kt miz
(IkeuchiZ%2015), K HPRC2I)jfE B 45 th ] A il it
FA o LB L PRl WIND 3R LE C2 1) 22 35 40 /E FH S 3
T is A . PRCE A S — AN APRCLY

PRC2—HEER REFN I IR NG K B AH e s R - E M1
1 %% 3 FE o A #95 (LiuZ2016; Chen%2010).
PRCI/E B AE ) A 85 3 A7 7E, 8 ik A, 2 et )it 45
PRI 2 45 0 3 (Pe) 5 H3K27Tme3 45 4, TH e e
I ER G 10 5 IR A5 (ChenZ52010); e 3 i 21 25
H2A )7z ARG R 35 % o gt PRCF 3
{1 AtBMI1a/bBELAtRING 1 a/bFI AU I AS AR T 11 2 4E
IR, ANRETE LR, BETE OV 4% 20 2R IR A4
2t }J(BratzelZ$2010; Chen%$2010). FHAEKRE
BN AL FEAtring 1a/b ) 0] T A 845 41 2L
TR, K IHTEAtringla/bh, 4EFFIEH KFRIAK R
X T4 4 B I 1) T A 2 75 B9 (Chen%$2010) .
Atringla/bXUFRASAR IR A S5 R 1 77 A2 W] e 5 48
i 45 K- WUSCHEL RELATED HOMEOBOX 5
(WOXS5). BBM. STMAIWUSH: K )& EiHH
%, VPI/ABI3-LIKEl (VAL1)FIVAL22 4 4 B34%
W i) 55 K 7, 5 FUS3MILEC2 A AH 5] 1 45 149
5, i B A AT LGB )5 PR I CW RTPHD 45 1)
18,(Suzuki%$2007). VAL [ %F T-PRC1A 5 (K Ff
T BN S HE R B BBMBE R T H2 A1 5 92 R AL
J& W 75 ) (Yangf1Zhang 2013). 5Atringla/bX 5
AARRRIIAL, vall/2XW RS AL TCIETE B,
I HAE 2R 5HR 4 7 A2 2 IX I8 ROV IR Ak &5 74
(Yangf1Zhang 2013), [fjBBM. STMAIWUS%: 3K
fEvall/ 2 RAAR T RIE W T B W78 ER,
PRCIEEIL R ) B 3l FAFAEF E M VALE A 145
AP, B 7RPRC1 AT gid i VAL B SR 3 55 50
FE K (MeriniZ52017).

W T2H 2 1 TRk 1 G €8 )57 9 R 0 o) 1A
NG R B Wi s R e AT B, DT T 48 A
() 38 N A 240 0 A A B 2 5 ) 4 e P 4 i 1 e A
(Mozgova%42017). TanakaZ§(2008) & {/iE ] 7 4
WA AR 2 iV i A T R ) O B R 45
YRR ZERL e Il 1 8 it A% o b it 40 2 1 2%
LT AL i (histone deacetylases, HDACs )i 71 il
W ZA (trichostatin A, TSA), S HEK KT
ZBH, WG K B AR Sk KB ILECT . FUS35
ABA INSENSITIVE 3 (ABI3)%% i3Ik, 4ok
IEE R B e R IR MIRES . M ITHE A %
LA B HISTONE DEACETYLASE 6 (HDAG)5
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HDA19W) IR B #5155 S E 7 25 AR 40 i i
(Tanaka®$2008), "] it & HHDAG6 5 HDAI9RAE &
WR G & B A DG i s R R R Rk B 2 B RS 8L
. DKk, fEGTH S FREKM B, HDA65HDAI9
R 100 V68 5 R DR 2 3% TR 5 R F) 3R 0K T 2
BRI A FIZE R E . W90 7R, HDA19
AE W5 R 3 Hh 5 VAL2 85 (1 & 48 HAE(Zhou%2013),
MHDAG6HIF ] 5 VAL [ 2748 B4 HAE,
IWVALI 5 VAL2E SRS A EH £ OB s &
FIMENG K B A O R () G 5T b, AT PR A1)
%283 A ) 235 (Chhun%2016) . #AF§ I+ PICKLE
(PKL)X: R gmth 20 5 11 25 OB ALBE 5 &9 00 0 3
CHD3, M PKLYjREER K 5, LECIHIFRIE & FM
1M 51 A Ah 7 0 R 5 S i e FE R, 1908 R AE K Y
B A IR IR (Ogas®51999) . LI FI 77 i & 1
R AR AR R AT 55 7%, TN T S AR % 15 5 44K 41 i
R T B, T G 75 A0 it 0 A2 K 25 (W ojcikowska %
2018). XA AT HEAE R A TSALLBE 1) A4 iR A2
KA ML YUCIFIYUCI 0/ 3232 5535 i, T
KRG NG R B AR K BT WILEC
LEC2. BBMJ: Jiy3fauf 3i K 7-PGA37/MYB118% 4,
& B F FHEL I (WojcikowskaZ52018), 41 H
L THEA BR 8 2 3E 4 240 PSR4 VR G R 14 78 At A b
(14 41 B R 1 A R R 48 DAIE S i, 1) A
TSARCHIELEH K =AM, RefBil L — B4 ff
JRREHRE, A P24 N 4l (Uddenberg 552011) .
TEH W8 2 I SRR T 7 PR ) Rk A 75, TSAHRESS
T 33 B A A 40 PRV 1D T A (Li%62014) . DA 125
REHE A CBALTEREY T 9 K0 72 T 4R RF
R I H L2 AR AR SF . 5 H3K27me3—Ff, 4
A 1) SR KSR 3R 55 1A 200 S T R ) A
R4 K AR (Lee®%2016), X 1 8] #3441
T ST AR A 248 i R i A A 3t R e ) 40 Y
PR T EEREAEN . 48[ LBk T OGS
P2 B R IR R T T i A e R At L (W ojcikowska
22018).

microRNAs (miRNAs) & — it fb F AR5 13k
atid /Ny FRNA, i 5 L R mRNA B 5 i
XK B FUTERE AR P AEmMRNA, S i 5 15 0
KNG IUTER . TELN M T 2> 4 P38 5 i 72 v

BATTRT DA B e IR 7 [F) 4 FH SRR 2 3 R ) R 08
(Willmann%52011), &4 2 4 SEBHIEH miRNAsTE
g B I G K A AR p R E AR . RO
miR393 HEME 8 1 358l 4= K & Z AR TRANSPORT IN-
HIBITOR RESPONSE 1 (TIRI)AAUXIN SIGNAL-
ING F-BOX 2 (AFB2)[J3RIE, K40l B 741 i
[F1] 4 B 1 40 0 P 6 A (W ojcikowska252017) . JE i
Xof 7K G W P A 45 2H 2 miRN A ZH 22 B4 (1 50 BT, %
I miR397FImiR3981d izt /- 5 #IE I PR U B 7E 4 741
o3 AR IR AS T T B B AE I AE F (Luo%$2006) . LA
H A& ¥ (Larix kaempferi) WA R 4t, ZhangZs
(2010) %5 5E BIAANTE I PE @A L 2 5 AR A 41
AUrp 2 R R IA miRNAs, HHEmiR171. miR159.,

miR169F1miR 172, iX LemiRNAsHEMS L ] 45 &
B WEIRAS 5 7% 5 Fom B AR AR P e 55 2 Fh 1)
REff e 3K 1. miRNAsIE GE 45 726 0L T IR G
KRB SR R AR I R IR LEC2 5
FUS3M126 3% (WillmannZ§2011), 3 o % & 45 4448
i S i A 2B AN B AR A A R AT miRN A ZH
ST (WuiE2011), 455w 2 HAE 5 4R 48 i i
L HImiR156. miR168FImiR171, N 7EBR 44
Ji BE o A T miR159, miR164. miR390F
miR397, LA R AE A 4R M VR i 2 IA [ miR 166 |

miR167F1miR398, X 4&Hff 57 % B, miRNAsi# it i
32 5 DRI TE A4 41 i IR 15 5 0 R Hh ) 0 SR 5 M A 44
RUERG A . S5EHEE T WA K A 7E N I H A ke
VIR E R —FE, TERAIIAE AR & AR I T,
JE (I miRNA s B [ 455 ] A AA 4 B ) 4 B 14 248 g
T FFE R (W6jcikE52017).

5 FIESMRRE

KL, Y9 4 et — B R A
pVIPNINIIPS: Z R LIP3 NN Y dé
VRN M 42 REVE 1) S e AR B, 2 AT FE 40 i 4= e 1k
MR R G ST AR AR IR IR i 28 22 G0 1
AL A AR A AU R S R AR AR B R, T A
KRR e AR - R0 IR G
A G A R AR R S5 R, 1K 5 4 2 21
BT PR PESCR P T SR Ok . Al A
(1 SR A R RO R, AR BR A IEE B (A 5T, A
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M-S EBARE AR R R IA P E E, 58 A i dris 1
TR . A A 1Y) E g S T I T B 2 P R
MV S it B o S Zh AR R AR AR Y, R R AR A
KEMWAFEEGHCREIN . PR, 5
0 JVR Ji A ) A [ e s R - TR 428 B s R 19 i A
A WAFAEAE SRR S Fr o I IR R K H M 5%
¥ 5%K7-(WLEC1. LEC2. FUS3. BBMZ%§)( /)
A= L SUR R (WU S) RERS 15 5 R 41 B iR i &
A, TRl 2 5 5 AR A0 R i R 2R 3B A 1 B
ST F-(WTWINDI), 3 S8 5% (R 1 K P 3%
AR AR T MR KRG . 15 SR R
JG R A (e S R 1 R A S, F I 2,4-Difs S R 4
R0 2 N B, FU 58 2 T X S 5 [N 1 Adb
THAKRESHSEREEN TR, E&HT
HME R REYE R AR, BN RAE KR IS RO 2
0, A R0 B AR 15 T 2 B, H AT E
Wo T H, AU SR IR E A K R AW S RS 2
DA B4 734 (1 Iy A At i v 1 R 5 AR A L VR
XA, A Ae 40 M 1 5 R A 4 RV G K AR
JE B AT e [ B 75 22 3 B S DR 1 s KT Rk A
EACHAE KR ILRIER .

FEIAE B AR AT T LRSS B R I
PRIV IG K A, FO R R, A AT R IX e Re g
75 A4 VR i i A 1 R TS TR U AR L
PR R 52 3 7 BRI o X R R B K
DNAFIZLEE (A 3k fb . 48R 2 21k miRNA
WAREE . IXELERWEAL R TAE TR R K B A OC
B SR DR 1) TR P9 3 HEmRINA 1) i 31 X 33
VR R TR DG e s DRk DR ) 2R 02 A gk o 40 1
(R A% R FRAZ B R S A i R8I, B4
ALl AEKRAEMERIER T AKRE 5@
o ERKFRETHFEHT TFREERN, 254
RE V2 L IR T ORI J5 AR AR IR K B . A=
SR, DR PRAT ] — A IR RS AL 1
(tPRC1. PRC2. #H K H % LB BPKLAH GG
005 ) 52 CATE 3@ M AL 2P 5 3 A 4T IR i
A, B IX LI 2 AH FLOCER R, L R] AeAH
FARH . P 05T 0 B BT A KO AR R IR 5
38 DKL 1 1 NS R S R B A AR, MR E
I 38 3 A% R G 0% 1 DR ) B A OO I 3

Yo e R 175 0 1A 4 I IR i A A2 AR 4
KAV —ADNEERE] 7, gl g e,
S T AR RSN A5 5 . FEA R
HMEAR R 8 IR 26 AT R B PR AR R 5 B AR T, A
20 B R R IR IR AR DR S I AT It J A
S FR AR AL A o A SR BEAT KRR A, H T
P+t

Zr ERTIE, PR R IR AR e A AR R AR 4
B IS i) H 2 — A R AR R B M SR R T A
R AL R T AR 2% . IR A B AR
S AT 1 S A 3R TE DL R A% DR 7 R R A A
By 1RGN E A, 3B REIE AL TR B,
1115 P AR AN R B A R (B D AR A KR T
BEFE TS 3 IR AR & 8 M OSN3 08 5 AR
PR 2 0 2% 22 [A] L AE S BE HSEHAE , 4
MR RE R AP ® B TR RIE . AZE—A4
PR 2 fih A 1 4 4 6 B 0 5 O 2% 1 — S SC B 2 T
BN R 2% 5 W] R AR OIS o FLE RTIRATTX A 4 R
G R R 2 LD, AR R OR K WF T 7 A R
V2 . i, BT R R R T ARIL, Toik
16 B A A i 3 AR R 4 RETE A I 1 7 A
WL 58 A R0 %5 € R 4, DIk
TR AN BE B I AL Dy 4= RN 200 ML Tk FE 1) 1 4 i P
AN AN T A SRR, A BR RIE P E
WY e RE 1k 4 0 A 200 MR R O 2 b R T B A4
YL 2 2 ARG I AL R 4R AT e b, FRAN
B ANE 2 4 BE 1R 40 2R AT 0 it 1 38 SE AT 0 Ak, 2
B AR SRR R 2 A o X SRR ROk
FRIRIE T 75 AR A ) B ) i

2 E 3 Hk(References)

Agila AYC, Guachizaca I, Cella R (2015). Combination of
2,4-D and stress improves indirect somatic embryogen-
esis in Cattleya maxima Lindl. Plant Biosyst, 149 (2):
235-241

Aida M, Beis D, Heidstra R, et al (2004). The PLETHORA
genes mediate patterning of the Arabidopsis root stem
cell niche. Cell, 119 (1): 109-120

Arroyo-Herrera A, Gonzalez AK, Moo RC, et al (2008). Ex-
pression of WUSCHEL in Coffea canephora causes ecto-
pic morphogenesis and increases somatic embryogenesis.
Plant Cell Tiss Org Cult, 94 (2): 171-180




JE N SEAE: R AR R A A R A4 L i i ) R 2 1675

Backs-Hiisemann D, Reinert J (1970). Embryobildung durch
isolierte Einzelzellen aus Gewebekulturen von Daucus
carota. Protoplasma, 70 (1): 49-60

Bai B, Su YH, Yuan J, et al (2013). Induction of somatic em-
bryos in Arabidopsis requires local YUCCA expression
mediated by the down-regulation of ethylene biosynthe-
sis. Mol Plant, 6 (4): 1247-1260

Barro F, Martin A, Lazzeri PA, et al (1999). Medium opti-
mization for efficient somatic embryogenesis and plant
regeneration from immature inflorescences and immature
scutella of elite cultivars of wheat, barley and tritordeum.
Euphytica, 108: 161-167

Boutilier K, Offringa R, Sharma VK, et al (2002). Ectopic
expression of BABY BOOM triggers a conversion from
vegetative to embryonic growth. Plant Cell, 14 (8): 1737—
1749

Bouyer D, Roudier F, Heese M, et al (2011). Polycomb Re-
pressive Complex 2 controls the embryo-to-seedling
phase transition. PLOS Genet, 7 (3): €1002014

Bratzel F, Lopez-Torrejon G, Koch M, et al (2010). Keeping
cell identity in Arabidopsis requires PRC1 RING-finger
homologs that catalyze H2A monoubiquitination. Curr
Biol, 20: 1853-1859

Braybrook SA, Stone SL, Park S, et al (2006). Genes directly
regulated by LEAFY COTYLEDON?2 provide insight
into the control of embryo maturation and somatic em-
bryogenesis. Proc Natl Acad Sci USA, 103 (9): 3468-
3473

Chanvivattana Y, Bishopp A, Schubert D, et al (2004). Interac-
tion of Polycomb-group proteins controlling flowering in
Arabidopsis. Development, 131 (21): 5263-5276

Chen D, Molitor A, Liu C, et al (2010). The Arabidopsis
PRC1-like ring-finger proteins are necessary for repres-
sion of embryonic traits during vegetative growth. Cell
Res, 20 (12): 1332-1344

Chhun T, Chong SY, Park BS, et al (2016). HSI2 repressor
recruits MED13 and HDAG6 to down-regulate seed matu-
ration gene expression directly during Arabidopsis early
seedling growth. Plant Cell Physiol, 57 (8): 1689-1706

Considine JA, Knox RB (1981). Tissue origins, cell lineages
and patterns of cell division in the developing dermal
system of the fruit of Vitis vinifera L. Planta, 151 (5):
403-412

Cui KR, Dai RL (2000). Molecular Biology in Plant Somatic
Embryogenesis. Beijing: Science Press (in Chinese) [#
FLAN, A 22(2000). VARG MIIE A A1) 2 TR 2.
BB B B AR

Deng W, Luo K, Li Z, et al (2009). A novel method for induc-
tion of plant regeneration via somatic embryogenesis.
Plant Sci, 177 (1): 43-48

Dietz KJ, Vogel MO, Viehhauser A (2010). AP2/EREBP tran-
scription factors are part of gene regulatory networks and
integrate metabolic, hormonal and environmental signals
in stress acclimation and retrograde signalling. Protoplas-
ma, 245 (1-4): 3-14

Elhiti M, Tahir M, Gulden RH, et al (2010). Modulation of
embryo-forming capacity in culture through the expres-
sion of Brassica genes involved in the regulation of the
shoot apical meristem. J Exp Bot, 61 (14): 4069-4085

Feeney M, Frigerio L, Cui Y, et al (2013). Following vegeta-
tive to embryonic cellular changes in leaves of Arabidop-
sis overexpressing LEAFY COTYLEDON?Z. Plant Physiol,
162 (4): 1881-1896

Fehér A (2015). Somatic embryogenesis — Stress-induced re-
modeling of plant cell fate. Biochim Biophys Acta, 1849
(4): 385402

Fehér A, Pasternak TP, Dudits D (2003). Transient of somatic
plant cells to an embryogenic state. Plant Cell Tiss Org
Cult, 74 (3): 201-228

Florez SL, Erwin RL, Maximova SN, et al (2015). Enhanced
somatic embryogenesis in Theobroma cacao using the
homologous BABY BOOM transcription factor. BMC
Plant Biol, 15: 121

Fry SC, Aldington S, Hetherington PR, et al (1993). Oligosac-
charides as signals and substrates in the plant cell wall.
Plant Physiol, 103 (1): 1-5

Gaj MD (2001). Direct somatic embryogenesis as a rapid and
efficient system for in vitro regeneration of Arabidopsis
thaliana. Plant Cell Tiss Organ Cult, 64 (1): 3946

Gaj MD (2004). Factors influencing somatic embryogenesis
induction and plant regeneration with particular reference
to Arabidopsis thaliana (L.) Heynh. Plant Growth Regul,
43:27-47

Gaj MD, Zhang S, Harada JJ, et al (2005). Leafy cotyledon
genes are essential for induction of somatic embryogene-
sis of Arabidopsis. Planta, 222 (6): 977-988

Gazzarrini S, Tsuchiya Y, Lumba S, et al (2004). The tran-
scription factor FUSCA3 controls developmental timing
in Arabidopsis through the hormones gibberellin and ab-
scisic acid. Dev Cell, 7 (3): 373-385

Gibeaut DM, Carpita NC (1994). Biosynthesis of plant cell
wall polysaccharides. FASEB J, 8 (12): 904-915

Grosser JW, Gmitter Jr FG (2005). 2004 SIVB congress sym-
posium proceedings “Thinking Outside the Cell”: appli-
cations of somatic hybridization and cybridization in crop
improvement, with citrus as a model. In Vitro Cell Dev
Biol Plant, 41 (3): 220-225

Grzybkowska D, Moronczyk J, Wojcikowska B, et al (2018).
Azacitidine (5-AzaC)-treatment and mutations in DNA
methylase genes affect embryogenic response and expres-




1676 T A P )

sion of the genes that are involved in somatic embryogen-
esis in Arabidopsis. Plant Growth Regul, 85 (2): 243-256

Haberlandt G (1902). Culturversuche mit isolierten Pflanzen-
zellen. Sitzungsberichte, 111: 69-91

Hay A, Tsiantis M (2010). KNOX genes: versatile regulators
of plant development and diversity. Development, 137
(19): 3153-3165

Hecht V, Vielle-Calzada JP, Hartog MV, et al (2001) The
Arabidopsis SOMATIC EMBRYOGENESIS RECEPTOR
KINASE 1 gene is expressed in developing ovules and
embryos and enhances embryogenic competence in cul-
ture. Plant Physiol, 127 (3): 803-816

Heidmann I, de Lange B, Lambalk J, et al (2011). Efficient
sweet pepper transformation mediated by the BABY
BOOM transcription factor. Plant Cell Rep, 30 (6): 1107—
1115

Hjortswang HI, Larsson AS, Bharathan G, et al (2002).
KNOTTED-like homeobox genes of a gymnosperm,
Norway spruce, expressed during somatic embryogene-
sis. Plant Physiol Biochem, 40 (10): 837843

Horstman A, Li M, Heidmann I, et al (2017). The BABY
BOOM transcription factor activates the LEC1-ABI3-
FUS3-LEC2 network to induce somatic embryogenesis.
Plant Physiol, 175: 848-857

Horstman A, Willemsen V, Boutilier K, et al (2014). AINTEG-
UMENTA-LIKE proteins: hubs in a plethora of networks.
Trends Plant Sci, 19 (3): 146-157

Ikeda-Iwai M, Umehara M, Satoh S, et al (2003) Stress-in-
duced somatic embryogenesis in vegetative tissues of
Arabidopsis thaliana. Plant J, 34 (1): 107-114

Ikeuchi M, Iwase A, Rymen B, et al (2015). PRC2 represses
dedifferentiation of mature somatic cells in Arabidopsis.
Nat Plants, 1 (7): 15089

Ikeuchi M, Sugimoto K, Iwase A (2013). Plant callus: mech-
anisms of induction and repression. Plant Cell, 25 (9):
3159-3173

Iwase A, Mitsuda N, Koyama T, et al (2011). The AP2/ERF
transcription factor WIND1 controls cell dedifferentiation
in Arabidopsis. Curr Biol, 21 (6): 508514

Jiang L, Qi XY, Gong HQ, et al (2007). Molecular mecha-
nisms of plant embryogenesis. Chin Bull Bot, 24 (3):
389-398 (in Chinese) [F W, 5534 =, 3EEIZE(2007).
BT HEIRIG R & 17 T R4, E2ER, 24 (3): 389—
398]

Kadokura S, Sugimoto K, Tarr P, et al (2018). Characterization
of somatic embryogenesis initiated from the Arabidopsis
shoot apex. Dev Biol, 442 (1): 13-27

Kamada H, Kobayashi K, Kiyosue T, et al (1989). Stress-in-
duced somatic embryogenesis in carrot and its application
to synthetic seed production. In Vitro Cell Dev Biol, 25:

1163-1166

Karlova R, Boeren S, Russinova E, et al (2006). The Ara-
bidopsis SOMATIC EMBRYOGENESIS RECEP-
TOR-LIKE KINASEI! protein complex includes BRASS-
INOSTEROID-INSENSITIVEL. Plant Cell, 18 (3):
626638

Khanday I, Skinner D, Yang B, et al (2019). A male-expressed
rice embryogenic trigger redirected for asexual propaga-
tion through seeds. Nature, 565: 91-95

Krishnan SRS, Siril EA (2017). Auxin and nutritional stress
coupled somatic embryogenesis in Oldenlandia umbella-
ta L. Physiol Mol Biol Plants, 23 (2): 471-475

Kulinska-Lukaszek K, Tobojka M, Adamiok A, et al (2012).
Expression of the BBM gene during somatic embryogen-
esis of Arabidopsis thaliana. Biol Plant, 56 (2): 389-394

Kwaaitaal MAC]J, de Vries SC (2007). The SERKI gene is
expressed in procambium and immature vascular cells. J
Exp Bot, 58 (11): 2887-2896

Kwong RW, Bui AQ, Lee H, et al (2003). LEAFY COTYLE-
DONI1-LIKE defines a class of regulators essential for
embryo development. Plant Cell, 15 (1): 5-18

Langhansova L, Konradova H, Van¢k T (2004). Polyethylene
glycol and abscisic acid improve maturation and regener-
ation of Panax ginseng somatic embryos. Plant Cell Rep,
22 (10): 725-730

Laugesen A, Helin K (2014). Chromatin repressive complexes
in stem cells, development, and cancer. Cell Stem Cell,
14 (6): 735751

Laux T, Mayer KFX, Berger J, et al (1996). The WUSCHEL
gene is required for shoot and floral meristem integrity in
Arabidopsis. Development, 122 (1): 87-96

Lee K, Park OS, Jung SJ, et al (2016). Histone deacetyla-
tion-mediated cellular dedifferentiation in Arabidopsis. J
Plant Physiol, 191: 95-100

Levi A, Sink KC (1990). Differential effects of sucrose, glu-
cose and fructose during somatic embryogenesis in aspar-
agus. J Plant Physiol, 137 (2): 184-189

Li H, Soriano M, Cordewener J, et al (2014). The histone
deacetylase inhibitor trichostatin A promotes totipotency
in the male gametophyte. Plant Cell, 26 (1): 195-209

Liu J, Deng S, Wang H, et al (2016). CURLY LEAF regulates
gene sets coordinating seed size and lipid biosynthesis.
Plant Physiol, 171: 424-436

Long JA, Moan EI, Medford JI, et al (1996). A member of the
KNOTTED class of homeodomain proteins encoded by
the STM gene of Arabidopsis. Nature, 379 (6560): 66—69

Lotan T, Ohto MA, Yee KM, et al (1998). Arabidopsis LEAFY
COTYLEDONTI is sufficient to induce embryo develop-
ment in vegetative cells. Cell, 93 (7): 1195-1205

Lowe K, Wu E, Wang N, et al (2016). Morphogenic regulators




JE N SEAE: R AR R A A R A4 L i i ) R 2 1677

Baby boom and Wuschel improve monocot transforma-
tion. Plant Cell, 28: 1998-2015

LuerBen H, Kirik V, Herrmann P, et al (1998). FUSCA3 en-
codes a protein with a conserved VP1/ABI3-like B3 do-
main which is of functional importance for the regulation
of seed maturation in Arabidopsis thaliana. Plant J, 15 (6):
755764

Luo YC, Zhou H, Li Y, et al (2006). Rice embryogenic calli
express a unique set of microRNAs, suggesting regulato-
ry roles of microRNAs in plant post-embryogenic devel-
opment. FEBS Lett, 580 (21): 5111-5116

Ma H, McMullen MD, Finer JJ (1994). Identification of a
homeobox-containing gene with enhanced expression
during soybean (Glycine max L.) somatic embryo devel-
opment. Plant Mol Biol, 24 (3): 465-473

Mantiri FR, Kurdyukov S, Chen SK, et al (2008). The tran-
scription factor MtSERF1 may function as a nexus
between stress and development in somatic embryogen-
esis in Medicago truncatula. Plant Signal Behav, 3 (7):
498-500

Marquez-Lopez RE, Pérez-Hernandez C, Ku-Gonzalez A, et
al (2018). Localization and transport of indole-3-acetic
acid during somatic embryogenesis in Coffea canephora.
Protoplasma, 255 (2): 695-708

Mayer KFX, Schoof H, Haecker A, et al (1998). Role of
WUSCHEL in regulating stem cell fate in the Arabidopsis
shoot meristem. Cell, 95 (6): 805-815

Merini W, Romero-Campero FJ, Gomez-Zambrano A, et al
(2017). The Arabidopsis Polycomb Repressive Complex
1 (PRC1) components AtBMI1A, B, and C impact gene
networks throughout all stages of plant development.
Plant Physiol, 173: 627-641

Michalczuk L, Ribnicky DM, Cooke TJ, et al (1992). Regu-
lation of indole-3-acetic acid biosynthetic pathways in
carrot cell cultures. Plant Physiol, 100 (3): 1346-1353

Miguel C, Marum L (2011). An epigenetic view of plant cells
cultured in vitro: somaclonal variation and beyond. J Exp
Bot, 62 (11): 3713-3725

Mikuta A, Tykarska T, Zielinska M, et al (2004). Ultrastruc-
tural changes in zygotic embryos of Gentiana punctata L.
during callus formation and somatic embryogenesis. Acta
Biol Cracov Bot, 46: 109-120

Mozgova I, Koéhler C, Hennig L (2015). Keeping the gate
closed: functions of the polycomb repressive complex
PRC2 in development. Plant J, 83 (1): 121-132

Mozgova I, Mufioz-Viana R, Hennig L (2017). PRC2 re-
presses hormone-induced somatic embryogenesis in veg-
etative tissue of Arabidopsis thaliana. PLOS Genet, 13
(1): €1006562

Mu J, Tan H, Zheng Q, et al (2008). LEAFY COTYLEDONI is

a key regulator of fatty acid biosynthesis in Arabidopsis.
Plant Physiol, 148 (2): 1042-1054

Mudunkothge JS, Krizek BA (2012). Three Arabidopsis AIL/
PLT genes act in combination to regulate shoot apical
meristem function. Plant J, 71 (1): 108—-121

Nagata T (2010). A journey with plant cell division: reflection
at my halfway stop. In: Liittge U, Beyschlag W (eds).
Progress in Botany 71. Berlin, Germany: Springer: 5-21

Namasivayam P, Skepper J, Hanke D (2006). Identification of
a potential structural marker for embryogenic competen-
cy in the Brassica napus ssp. oleifera embryogenic tissue.
Plant Cell Rep, 25 (9): 887-895

Nishiwaki M, Fujino K, Koda Y, et al (2000). Somatic em-
bryogenesis induced by the simple application of abscisic
acid to carrot (Daucus carota L.) seedlings in culture.
Planta, 211 (5): 756-759

Ogas J, Kaufmann S, Henderson J, et al (1999). PICKLE is
a CHD3 chromatin-remodeling factor that regulates the
transition from embryonic to vegetative development in
Arabidopsis. Proc Natl Acad Sci USA, 96: 13839-13844

Ohgawara T, Kobayashi S, Ohgawara E, et al (1985). Somatic
hybrid plants obtained by protoplast fusion between Cit-
rus sinensis and Poncirus trifoliata. Theor Appl Genet,
71 (1): 1-4

Oldach KH, Morgenstern A, Rother S, et al (2001). Efficient
in vitro plant regeneration from immature zygotic embry-
os of pearl millet [Pennisetum glaucum (L.) R. Br.] and
Sorghum bicolor (L.) Moench. Plant Cell Rep, 20 (5):
416421

Park YS (2014). Conifer somatic embryogenesis and multi-va-
rietal forestry. In: Fenning T (ed). Challenges and Op-
portunities for the World’s Forests in the 21st Century.
Dordrecht, the Netherlands: Springer, 425439

Rojas-Herrera R, Quiroz-Figueroa F, Monforte-Gonzalez M,
et al (2002). Differential gene expression during somatic
embryogenesis in Coffea arabica L., revealed by RT-PCR
differential display. Mol Biotechnol, 21 (1): 4350

Sagare AP, Lee YL, Lin TC, et al (2000). Cytokinin-induced
somatic embryogenesis and plant regeneration in Coryd-
alis yanhusuo (Fumariaceae) — a medicinal plant. Plant
Sci, 160 (1): 139-147

Salo HM, Sarjala T, Jokela A, et al (2016). Moderate stress
responses and specific changes in polyamine metabolism
characterize Scots pine somatic embryogenesis. Tree
Physiol, 36 (3): 392-402

Schauser L, Roussis A, Stiller J, et al (1999). A plant regulator
controlling development of symbiotic root nodules. Na-
ture, 402 (6758): 191-195

Schubert D, Primavesi L, Bishopp A, et al (2006). Silenc-
ing by plant Polycomb-group genes requires dispersed




1678 T A P )

trimethylation of histone H3 at lysine 27. EMBO J, 25
(19): 4638-4649

Sharma S, Shahzad A, da Silva JAT (2013). Synseed tech-
nology—A complete synthesis. Biotechnol Adv, 31 (2):
186207

Shibukawa T, Yazawa K, Kikuchi A, et al (2009). Possible in-
volvement of DNA methylation on expression regulation
of carrot LEC! gene in its 5'-upstream region. Gene, 437
(1-2): 22-31

Shivani, Awasthi P, Sharma V, et al (2017). Genome-wide
analysis of transcription factors during somatic embryo-
genesis in banana (Musa spp.) cv. Grand Naine. PLOS
One, 12 (8): ¢0182242

Smertenko A, Bozhkov PV (2014). Somatic embryogenesis:
life and death processes during apical-basal patterning. J
Exp Bot, 65 (5): 1343-1360

Srinivasan C, Liu Z, Heidmann I, et al (2007). Heterologous
expression of the BABY BOOM AP2/ERF transcription
factor enhances the regeneration capacity of tobacco (Vi-
cotiana tabacum L.). Planta, 225 (2): 341-351

Stasolla C, Kong L, Yeung EC, et al (2002). Maturation of
somatic embryos in conifers: morphogenesis, physiology,
biochemistry, and molecular biology. In Vitro Cell Dev
Biol Plant, 38 (2): 93-105

Steward F, Mapes MO, Mears K (1958). Growth and orga-
nized development of cultured cells. II. Organization in
cultures grown from freely suspended cells. Am J Bot, 45
(10): 705-708

Stone SL, Braybrook SA, Paula SL, et al (2008). Arabidopsis
LEAFY COTYLEDON?2? induces maturation traits and
auxin activity: implications for somatic embryogenesis.
Proc Natl Acad Sci USA, 105 (8): 3151-3156

Stone SL, Kwong LW, Yee KM, et al (2001). LEAFY COTY-
LEDON? encodes a B3 domain transcription factor that
induces embryo development. Proc Natl Acad Sci USA,
98 (20): 11806-11811

Su YH, Liu YB, Bai B, et al (2015). Establishment of embry-
onic shoot—root axis is involved in auxin and cytokinin
response during Arabidopsis somatic embryogenesis.
Front Plant Sci, 5: 792

Su YH, Su YX, Liu YG, et al (2013). Abscisic acid is required
for somatic embryo initiation through mediating spatial
auxin response in Arabidopsis. Plant Growth Regul, 69
(2): 167-176

Su YH, Zhao XY, Liu YB, et al (2009). Auxin-induced WUS
expression is essential for embryonic stem cell renewal
during somatic embryogenesis in Arabidopsis. Plant J, 59
(3): 448-460

Suzuki M, Wang HHY, McCarty DR, et al (2007). Repression
of the LEAFY COTYLEDON 1/B3 regulatory network

in plant embryo development by VP1/ABSCISIC ACID
INSENSITIVE 3-LIKE B3 genes. Plant Physiol, 143 (2):
902-911

Tanaka M, Kikuchi A, Kamada H (2008). The Arabidopsis
histone deacetylases HDA6 and HDA19 contribute to
the repression of embryonic properties after germination.
Plant Physiol, 146 (1): 149-161

Taylor MG, Vasil IK (1996). The ultrastructure of somatic em-
bryo development in pearl millet (Pennisetum glaucum;
Poaceae). Am J Bot, 83 (1): 2844

Thakare D, Tang W, Hill K, et al (2008). The MADS-domain
transcriptional regulator AGAMOUS-LIKE1S promotes
somatic embryo development in Arabidopsis and soy-
bean, Plant Physiol, 146 (4): 1663—1672

Tisserat B, Esan EB, Murashige T (1979). Somatic embryo-
genesis in angiosperms. In: Janick J (ed). Horticultural
Reviews, Volume 1. Westport, Connecticut, United
States: The AVI Publishing Company, Inc., 1-78

Touraev A, Heberle-Bors E (1999). Microspore embryogene-
sis and in vitro pollen maturation in tobacco. In: Hall RD
(ed). Plant Cell Culture Protocols. Totowa, New Jersey,
United States: Humana Press Inc., 281-291

Tsuwamoto R, Yokoi S, Takahata Y (2010). Arabidopsis EM-
BRYOMAKER encoding an AP2 domain transcription
factor plays a key role in developmental change from
vegetative to embryonic phase. Plant Mol Biol, 73: 481—
492

Uddenberg D, Valladares S, Abrahamsson M, et al (2011).
Embryogenic potential and expression of embryogen-
esis-related genes in conifers are affected by treatment
with a histone deacetylase inhibitor. Planta, 234 (3):
527-539

Vasseur J, Dubois J, Hilbert JL, et al (1995). Somatic embryo-
genesis in chicory (Cichorium species). In: Bajaj YPS
(ed). Somatic Embryogenesis and Synthetic Seed II. Ber-
lin, Germany: Springer, 125-137

Verdeil JL, Hocher V, Huet C, et al (2001). Ultrastructural
changes in coconut calli associated with the acquisition
of embryogenic competence. Ann Bot, 88: 9-18

Verdus MC, Dubois T, Dubois J, et al (1993). Ultrastructural
changes in leaves of Cicorium during somatic embryo-
genesis. Ann Bot, 72: 375-383

Waki T, Hiki T, Watanabe R, et al (2011). The Arabidopsis
RWP-RK protein RKD4 triggers gene expression and
pattern formation in early embryogenesis. Curr Biol, 21:
1277-1281

Wang H, Caruso LV, Downie AB, et al (2004). The embryo
MADS domain protein AGAMOUS-Like 15 directly reg-
ulates expression of a gene encoding an enzyme involved
in gibberellin metabolism. Plant Cell, 16 (5): 1206-1219




JE N SEAE: R AR R A A R A4 L i i ) R 2 1679

Wang X, Niu QW, Teng C, et al (2009). Overexpression
of PGA37/MYBI118 and MYBI15 promotes vegeta-
tive-to-embryonic transition in 4Arabidopsis. Cell Res, 19
(2): 224-235

Willmann MR, Mehalick AJ, Packer RL, et al (2011). Mi-
croRNAs regulate the timing of embryo maturation in
Arabidopsis. Plant Physiol, 155 (4): 1871-1884

Wojcik AM, Nodine MD, Gaj MD (2017). miR160 and
miR166/165 contribute to the LEC2-mediated auxin re-
sponse involved in the somatic embryogenesis induction
in Arabidopsis. Front Plant Sci, 8: 2024

Wéjcikowska B, Botor M, Moronczyk J, et al (2018).
Trichostatin A triggers an embryogenic transition in Ara-
bidopsis explants via an auxin-related pathway. Front
Plant Sci, 9: 1353-1353

Wojcikowska B, Gaj MD (2017). Expression profiling of
AUXIN RESPONSE FACTOR genes during somatic em-
bryogenesis induction in Arabidopsis. Plant Cell Rep, 36
(6): 843-858

Wu XM, Liu MY, Ge XX, et al (2011). Stage and tissue-spe-
cific modulation of ten conserved miRNAs and their
targets during somatic embryogenesis of Valencia sweet
orange. Planta, 233 (3): 495-505

Yamamoto N, Kobayashi H, Togashi T, et al (2005). Forma-
tion of embryogenic cell clumps from carrot epidermal
cells is suppressed by 5-azacytidine, a DNA methylation
inhibitor. J Plant Physiol, 162 (1): 47-54

Yang X, Zhang X (2010). Regulation of somatic embryogene-

sis in higher plants. Crit Rev Plant Sci, 29 (1): 36-57

You XL, Yi JS, Choi YE (2006). Cellular change and callose
accumulation in zygotic embryos of Eleutherococcus
senticosus caused by plasmolyzing pretreatment result in
high frequency of single-cell-derived somatic embryo-
genesis. Protoplasma, 227 (2—4): 105-112

Zhang S, Zhou J, Han S, et al (2010). Four abiotic stress-in-
duced miRNA families differentially regulated in the em-
bryogenic and non-embryogenic callus tissues of Larix
leptolepis. Biochem Bioph Res Co, 398 (3): 355-360

Zhang Z, Zhao H, Li W, et al (2019). Genome-wide associ-
ation study of callus induction variation to explore the
callus formation mechanism of rice. J Integr Plant Biol,
61 (11): 1134-1150

Zheng Q, Zheng Y, Perry SE (2013). AGAMOUS-Likel5
promotes somatic embryogenesis in Arabidopsis and soy-
bean in part by the control of ethylene biosynthesis and
response. Plant Physiol, 161 (4): 2113-2127

Zheng Y, Ren N, Wang H, et al (2009). Global identification
of targets of the Arabidopsis MADS domain protein AG-
AMOUS-Likel5. Plant Cell, 21 (9): 2563-2577

Zhou Y, Tan B, Luo M, et al (2013). HISTONE DEACETY-
LASE19 interacts with HSL1 and participates in the
repression of seed maturation genes in Arabidopsis seed-
lings. Plant Cell, 25 (1): 134-148

Zuo J, Niu QW, Frugis G, et al (2002). The WUSCHEL gene
promotes vegetative-to-embryonic transition in Arabidop-
sis. Plant J, 30 (3): 349-359




1680 T A P )

Somatic embryogenesis: remodeling of plant somatic cells

TANG Liping, LI Xingguo, ZHANG Xiansheng, SU Yinghua'

State Key Laboratory of Crop Biology, College of Life Sciences, Shandong Agricultural University, Taian, Shandong
271018, China

Abstract: By appropriate stimuli, plant cells have a powerful capacity to give rise to whole plants without fer-
tilization. This capacity of plant cells is recognized as their totipotency. Somatic embryogenesis is an excellent
example of the plant cell totipotency. During this process, the somatic cells are remodeled and converted into
totipotent cells for somatic embryo formation. So far, we still know little about the molecular basis for the cell
totipotency. In this review, we describe the stimuli, such as plant hormones, stresses, embryonic transcription
factors and epigenetic regulation, which are required for the plant somatic cells remodeling. Furthermore, we
discuss some outstanding questions to be addressed to deeply understand the mechanisms in plant cell totipo-
tency.
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